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(54) Friction drive apparatus for strip material 

(57) A friction drive apparatus (10) for feeding strip 
material (12) in a longitudinal direction includes a first 
friction wheel (34) and a second friction wheel (36) 
rotated by a first motor drive (40) and a second motor 
drive (42), respectively. The friction drive apparatus (10) 
also includes a sensor (58) disposed behind the friction 
wheels (34,36) with respect to the motion of the strip 
material (12) to detect a lateral or skewing error and a 
motion processor (54) that drives the first and the sec- 
ond motor drives (40,42) independently at different 
speeds to correct the lateral or skewing error of the strip 
material (12). The friction drive apparatus (10) also 
detects a longitudinal error of the strip material (12) by 
tracking an actual position of the strip material (12) and 
comparing it to the commanded position to correct the 
error. If there is a discrepancy between the actual posi- 
tion and the commanded position of the strip material 
(12), the rotational speed of each friction wheel (34,36) 
is either decreased or increased to correct any longitu- 
dinal creep or slippage, respectively, of the strip material 
(12). 
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(54) Friction drive apparatus for strip material 

(57) A friction drive apparatus (10) for feeding strip 
material (12) in a longitudinal direction includes a first 
friction wheel (34) and a second friction wheel (36) 
rotated by a first motor drive (40) and a second motor 
drive (42), respectively. The friction drive apparatus (10) 
also includes a sensor (58) disposed behind the friction 
wheels (34,36) with respect to the motion of the strip 
material (12) to detect a lateral or skewing error and a 
motion processor (54) that drives the first and the sec- 
ond motor drives (40,42) independently at different 
speeds to correct the lateral or skewing error of the strip 
material (12). The friction drive apparatus (10) also 
detects a longitudinal error of the strip material (12) by 
tracking an actual position of the strip material (12) and 
comparing it to the commanded position to correct the 
error. If there is a discrepancy between the actual posi- 
tion and the commanded position of the strip material 
(12), the rotational speed of each friction wheel (34,36) 
is either decreased or increased to correct any longitu- 
dinal creep or slippage, respectively, of the strip material 
(12). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to friction drive 5 
apparatus such as printers, plotters and cutters that 
feed strip material for producing graphic images and, 
more particularly, to friction drive apparatus which 
detect and correct the longitudinal and lateral displace- 
ments of the strip material. 10 

BACKGROUND OF THE INVENTION 

[0002] Friction, grit, or grid drive systems for moving 
strips or webs of sheet material longitudinally back and is 
forth along a feed path through a plotting, printing, or 
cutting device are well known in the art. In such drive 
systems, friction (or grit or grid) wheels are placed on 
one side of the strip of sheet material (generally vinyl or 
paper) and pinch rollers, of rubber or other flexible 20 
material, are placed on the other side of the strip, with 
spring pressure urging the pinch rollers and material 
against the friction wheels. During plotting, printing, or 
cutting, the strip material is driven back and forth, in the 
longitudinal or X-direction, by the friction wheels while, 25 
at the same time, a pen, printing head, or cutting blade 
is driven over the strip material in the lateral or Y-direc- 
tion. 

[0003] These systems have gained substantial favor 
due to their ability to accept plain (unperforated) strips 30 
of material in differing widths. However, the existing fric- 
tion feed systems experience several problems. One 
problem is longitudinal slippage or creep error in the X- 
direction. The longitudinal slippage or creep occurs 
when the strip material moves either too slowly or too 35 
fast, respectively, in the X-direction. This problem is 
most pronounced in long plots, i.e. those two or more 
feet in length, and those in which the strip material 
moves back and forth in the X-direction with respect to 
a tool head such as a plotting pen, print head, or cutting 40 
blade. Longitudinal slippage or creep is highly undesira- 
ble because the operations performed on the strip 
material become inaccurate. 

[0004] Another error that occurs in friction feed sys- 
tems is a skew error. The skew error will arise as a result 45 
of strip material being driven unevenly between its two 
longitudinal edges, causing the strip material to assume 
a cocked position. The error is integrated in the lateral or 
Y-direction and produces an increasing lateral position 
error as the strip material moves along the X-direction. 50 
The error is often visible when the start of one object 
must align with the end of a previously plotted object. In 
the worst case, such lateral errors result in the strip drift- 
ing completely off the friction wheel. 

55 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to detect 



and correct the longitudinal and lateral displacements of 
strip material being fed through a friction drive appara- 
tus. 

[0006] According to the present invention, a friction 
drive apparatus for feeding strip material in a longitudi- 
nal direction along a feed path includes first and second 
friction wheels associated with first and second longitu- 
dinal edges of the strip material, respectively, and a 
motion processor for rotating the first and second fric- 
tion wheels independently at different speeds to correct 
lateral deviation of the strip material from the feed path. 
The friction drive apparatus also includes first and sec- 
ond motor drives rotating the first and second friction 
wheels, respectively, and at least one sensor. In the 
best mode embodiment, the sensor disposed behind 
the friction wheels, as viewed in the direction of motion 
of the strip material, detects lateral deviation of the strip 
material from the feed path. The sensor signal is proc- 
essed by the motion processor which commands the 
motor drives to rotate the friction wheels at different 
speeds to correct the lateral error. 
[0007] The friction drive apparatus also includes 
means for detecting the actual longitudinal position of 
the strip material. The motion processor compares the 
actual longitudinal position of the strip material with the 
commanded longitudinal position. In the event of a dis- 
crepancy between the two positions, an error signal 
generated by the processor drives the friction wheels 
until the actual position and the commanded position of 
the strip material coincide. 

[0008] Thus, the friction drive apparatus of the present 
invention detects both lateral and longitudinal deviations 
of the strip material from the feed path and corrects both 
types of errors before a noticeable error occurs in a 
graphic image of a work operation performed by a tool 
head on the strip material. The errors are corrected 
without interrupting the work operation. 
[0009] The foregoing and other advantages of the 
present invention become more apparent in light of the 
following detailed description of the exemplary embodi- 
ments thereof, as illustrated in the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

FIG. 1 is an exploded side elevational view sche- 
matically showing a friction drive apparatus, 
according to the present invention; 
FIG. 2 is a top plan view of a bottom portion of the 
friction drive apparatus of FIG. 1 with the strip mate- 
rial shown in phantom; 

FIG. 3 is a schematic representation of a strip 
material moving properly along a feed path for the 
material in the drive apparatus of FIGs. 1 and 2; 
FIG. 4 is a schematic representation of the strip 
material deviating from the feed path of FIG. 3 and 
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a correction initiated by adjusting the relative 
speeds of drive motors; 

FIG. 5 is a schematic representation of the strip 

material deviating from the feed path of FIG. 3 and 

the correction completed by adjusting the relative 

speeds of the drive motors; 

FIG. 6 is a schematic representation of an alternate 

embodiment of the strip material moving along the 

feed path in the drive apparatus of FIG. 1 ; 

FIG. 7 is a schematic representation of another 

alternate embodiment of the strip material moving 

along the feed path in the drive apparatus of FIG. 1 ; 

and 

FIG. 8 is a schematic representation of a wide strip 
material moving along the feed path in the drive 
apparatus of FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0011] Referring to FIG. 1, an apparatus 10 for plot- 
ting, printing, or cutting strip material 12 includes a top 
portion 14 and a bottom portion 16. The strip material 
12, having longitudinal edges 20, 22, as best seen in 
FIG. 2, is moving in a longitudinal or X-direction along a 
feed path 24. The top portion 14 of the apparatus 10 
includes a tool head 26 movable in a lateral or Y-direc- 
tion perpendicular to the X-direction and the feed path 
24. The top portion 14 also includes a plurality of pinch 
rollers 30 that are disposed along the longitudinal edges 
20, 22 of the strip material 12. The bottom portion 16 of 
the apparatus 10 includes a stationary or roller platen 
32, disposed in register with the tool head 26, and a plu- 
rality of friction wheels 34, 36, disposed in register with 
the pinch rollers 30. 

[0012] Referring to FIG. 2, each friction wheel 34, 36 
has a surface for engaging the strip material 12, and is 
driven by a motor drive 40, 42, respectively. Each motor 
drive 40, 42 may be a servo-motor with a drive shaft 
connected to a shaft encoder 44, 46 for detecting rota- 
tion of the drive shaft. Each encoder 44, 46 is connected 
to a decoder 50, 52, respectively. Each decoder 50, 52 
is in communication with a motion processor 54. The 
apparatus 10 also includes a first sensor 56 and a sec- 
ond sensor 58 for tracking the longitudinal edge of the 
strip material 12, with sensors 56, 58 being disposed on 
opposite sides of the friction wheels. Each sensor 56, 
58 is connected to an A/D converter 62, 64, respec- 
tively, with both A/D converters 62, 64 being in commu- 
nication with the motion processor 54. The motion 
processor 54 also communicates with each motor drive 
40,42 to complete a closed loop system. 
[0013] The apparatus 10 also includes a detecting 
means 66 for tracking an actual longitudinal position of 
the strip material 12. The detecting means 66 is con- 
nected to a tracking encoder 70 and a tracking decoder 
72 which communicate with the motion processor 54. 
[0014] In operation, as the strip material 12 is fed 
along the feed path 24 in the longitudinal or X<Jirection, 



the friction wheels 34, 36 and the pinch rollers 30 are 
urged together and engage the strip material 12, as 
best seen in FIGs. 1 and 2. The motor drives 40, 42 
rotate the friction wheels 34, 36, respectively, at sub- 

5 stantially the same speed to ensure that both longitudi- 
nal edges 20, 22 of the strip material 12 progress along 
the feed path 24 in the X-direction simultaneously. As 
the strip material 12 moves in the longitudinal or X- 
direction, the tool head 26 moves in a lateral or Y-direc- 

ro tion, either plotting, printing, or cutting the strip material 
depending on the specific type of the tool employed. 
The detecting means 66 tracks the exact position of the 
strip material 12 in the X-direction. 
[0015] Referring to FIG. 3, the sensor 58, disposed 

15 behind the friction wheels 34, 36 with respect to the strip 
material motion indicated by the arrow, detects and 
ensures that the strip material does not move laterally in 
the Y-direction. The sensor 58 and its associated cir- 
cuitry (not shown) produces an analog output signal 

20 proportional to the surface area of the sensor exposed. 
In the preferred embodiment of the present invention, 
the sensor 58 and its associated circuitry is biased to 
produce zero (0) volts when the sensor 58 is covered 
fifty percent (50%). The sensor 58 will output a positive 

25 or negative analog signal when a greater or lesser area 
of the sensor 58 is covered, respectively. The motion 
processor 54 is set to position the strip material over 
exactly fifty percent (50%) of the sensor 58 when the 
strip material 12 is moving in the longitudinal or X-direc- 

30 tion properly. Thus, with proper longitudinal positioning 
of the strip material, that is, with no Y-position error, the 
sensor 58 generates a zero (0) output signal, and the 
motor drives 40, 42 rotate friction wheels 34. 36 simul- 
taneously at the same speed. 

35 [0016] Referring to FIG. 4, a Y-position error occurs 
when the strip material 12, for example, moves to the 
right exposing more than fifty percent (50%) of the sen- 
sor. When more than fifty percent (50%) of the sensor is 
exposed, the sensor 58 and its associated circuitry gen- 

40 erates a negative output to the motion processor 54 via 
the A/D converter 64, as best seen in FIG. 2. Once the 
motion processor 54 receives a negative output from 
the sensor 58, the motion processor 54 imposes a dif- 
ferential signal on the signals to the motor drives 40.42 

45 to increase the speed of the motor drive 40. driving fric- 
tion wheel 34, and to decrease the speed of the motor 
drive 42, driving friction wheel 36. The differential signal 
and resulting differential velocities of the friction wheels 
vary in proportion to the Y-direction error detected by 

so the sensor 58. As the motor drives 40, 42 rotate friction 
wheels 34, 36 at different speeds, the front portion of 
strip material 12 is skewed to the right, as indicated by 
the arrow, and the rear portion of the strip material is 
skewed to the left to cover a greater portion of the sen- 

55 sor 58. As the skewed strip material 12 continues to 
move in a longitudinal or X-direction, more of the sensor 
58 becomes covered. 

[001 7] When fifty percent (50%) of the sensor is cov- 
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ered, as shown in FIG. 5, the sensor 58 returns to zero 
output and the motor processor 54 has reduced the dif- 
ferential signal to zero. At this instant, the strip material 
12 is skewed as shown, but moves directly forward in 
the X-direction because the motor drives 40, 42 are 
driving the friction wheels at the same speed. In effect, 
the skewed position of the strip material causes the Y- 
position error at the sensor 58 to be integrated as the 
strip material moves forward in the X-direction. Once an 
area greater than fifty percent (50%) of the sensor 58 is 
covered, the sensor 58 sends a positive signal to the 
motion processor 54 and the motion processor 54 
imposes a differential signal on the signals to the motor 
drives 40, 42 to decrease speed of the motor drive 40 
and friction wheel 34 and increase the speed of the 
motor drive 42 and friction wheel 36. The difference in 
rotational speeds of the friction wheels 34, 36 now turns 
and skews the strip material to the left, in the direction of 
the slower rotating friction wheel 34, as indicated by the 
arrow, which begins to uncover sensor 58. The differen- 
tial rotational speed of the friction wheels 34, 36 contin- 
ues until the strip material 12 covers only fifty percent 
(50%) of the sensor 58 and the differential signal from 
the motion processor fades out. The motion processor 
54 then applies equal drive signals to the motor drives 
40, 42 and the friction wheels 34, 36 are driven at the 
same rotational speed. 

[0018] The strip material 12 again moves in the X- 
direction. if at this time the strip material is still skewed 
in the Ydirection, because the motion processor is 
under-damped or over-damped, the forward motion in 
the X-direction will again integrate the Y-position error 
and the sensor 58 will signal the motion processor to 
steer the strip material back to a central position over 
the sensor 58 with corrective skewing motions as 
described above. The skewing motions will have the 
same or opposite direction depending upon the direc- 
tion of the Y-position error. 

[001 9] When the feed of the strip material 1 2 in the X- 
direction is reversed, control of the Y-position error is 
switched by the motion processor 54 from the sensor 58 
to the sensor 56, which is disposed behind the friction 
wheels 34, 36 with respect to the strip material 12 
motion. The Y-position error is then detected at the sen- 
sor 56, but is otherwise controlled in the same manner 
as described above. 

[0020] Referring to FIG. 2, to detect and correct a slip- 
page or creep error in the longitudinal or X-direction, the 
output from the detecting means 66 is compared to the 
commanded position already known within the motion 
processor 54. Once a discrepancy between the actual 
position of the strip material 12 and the commanded 
position of the strip material is detected, the motion 
processor 54 signals the motor drives 40, 42 to either 
increase or decrease the speed of both of the friction 
wheels 34, 36 simultaneously Either increasing or 
decreasing the moving speed of the strip material 12 
simultaneously will ensure that the true position of the 



strip material matches with the commanded position of 
the strip material. Once the two positions coincide, the 
speed of the friction wheels 34, 36 will return to normal. 
[0021] To avoid sudden jumps in either plotting, print- 

s ing, or cutting operations, the increasing or decreasing 
speed commands are incremental. Small increments 
are preferred so that the error is corrected gradually. 
[0022] Referring to FIG. 6, in an alternate embodiment 
of the present invention, sensors 56, 58 can be posi- 

io tioned along an edge 78 of a stripe 80 marked on the 
underside of the strip material 12. The stripe 80 is 
spaced away in a lateral direction from either of the lon- 
gitudinal edges 20, 22 of the strip material 12 and 
extends in the longitudinal direction. The Y-position 

15 error is detected by the sensors 56, 58 and corrected in 
the manner described above with the edge 78 of the 
stripe 80 functioning analogously to the longitudinal 
edge 20 of the strip material 12. 
[0023] Referring to FIG. 7, another alternate embodi- 

20 ment of the present invention uses a pair of sensors 
156, 158 disposed at predetermined positions in front of 
the friction wheels 34, 36, as viewed in the direction of 
motion of the strip material 12. A steering reference 
point 82 is defined a predetermined distance behind the 

25 friction wheels, as viewed in the direction of motion of 
the strip material 12. Based on the inputs from sensors 
156, 158, the motion processor 54 determines a lateral 
error at the steering reference point 82. If it is deter- 
mined that there is no error at the steering reference 

30 point 82, the friction wheels are driven simultaneously. 
However, if it is determined that there is a skewing or lat- 
eral error at the steering reference point 82, the motion 
processor 54 steers the motor drives and subsequently 
the friction wheels to straighten the strip material 12 in 

35 the manner described above. 

[0024] The present invention monitors the position of 
the strip material 12 to ensure proper movement of the 
strip material along the feed path 24. Once a deviation 
of the strip material is detected, the friction drive appa- 

40 ratus 10 of the present invention corrects lateral error 
and also longitudinal error before a noticeable discrep- 
ancy in the plot occurs. Each correction takes place dur- 
ing the work operation without interruption. The 
differential signals imposed on the motor drives to cor- 

45 rect the lateral and longitudinal errors are proportional 
to the magnitude of the error and are applied in small 
increments to preserve the integrity of the plot. The 
present invention monitors and controls the position of 
the strip material even when the direction of the move- 

50 ment of the strip material is reversed. 

[0025] One advantage of the present invention is that 
the feed path is not obstructed with mechanical objects. 
Another advantage of the present invention is that, in 
the best mode embodiment, only one sensor is needed 

55 to monitor the lateral position of the strip material as the 
strip moves in one direction. A further advantage of the 
present invention is that the friction wheels are used for 
the combined purpose of advancing the strip material 
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during the work operation of the apparatus and for cor- 
recting the alignment and position of the strip material. 
[0026] The sensors 56, 58, 156, 158 used in the pre- 
ferred embodiment of the present invention are large 
area diffuse sensors, which can have a time constant of 
fractions of a second (0.1 second is satisfactory). These 
sensors preferably have an output proportional to the 
illuminated area. This can be accomplished with the 
photoresistive sensors, such as Clairex type CL700 
Series and simple No. 47 lamps. Alternatively, a silicon 
photo diode can be used with a diffuser-window about 
one half of an inch (1/2 H ) in diameter and a plastic lens 
to focus the window on the sensitive area of the diode, 
which is usually quite small compared to the window. In 
another preferred embodiment of the present invention, 
digital sensors are used to monitor the position and 
alignment of the strip material. Use of digital sensors 
eliminates the need for A/D converters. One type of dig- 
ital sensor that can be used is a linear sensor array 
model number TSL401, manufactured by Texas Instru- 
ments, Inc. having a place of business at Dallas, Texas. 
Still other types of optical, magnetic, capacitive or 
mechanical sensors can be used. 
[0027] The detecting means 66, shown in FIG. 2, in 
the preferred embodiment of the present invention is a 
free running sprocket wheel. The sprocket wheel, 
including pins to engage punched holes in the strip 
material 12 and an encoder, is placed under the strip 
material so that the strip material 12 rotates the wheel 
as the strip material moves through the apparatus. 
There is no drive connected to the wheel, and the wheel 
inertia is kept very low so that the material 12 is able to 
rotate the wheel without impeding motion due to accel- 
eration or friction. However, use of other detecting 
means, such as optically readable encoders, magnetic 
encoders, or free running pin or star wheels, is also pos- 
sible. 

[0028] While a variety of general purpose micro proc- 
essors can be used to implement the present invention, 
the preferred embodiment of the present invention uses 
a micro processor and a digital signal processor. One 
type of the micro processor that can be used is a micro 
processor model number MC68360 and a digital signal 
processor model number DSP56303, both manufac- 
tured by Motorola, Inc., having a place of business in 
Austin, Texas. 

[0029] Although the preferred embodiment of the 
present invention depicts the apparatus having the fric- 
tion wheels 34, 36 disposed within the bottom portion 
16 and the pinch rollers 30 disposed within the top por- 
tion 14, the location of the friction wheels 34, 36 and 
pinch rollers 30 can be reversed. Similarly, the sensors 
56, 58 can be disposed within the top portion 14 of the 
apparatus. Furthermore, the preferred embodiment of 
the present invention describes sensors 56, 58 and their 
associated circuitry to be biased to produce zero (0) 
volts when sensors 56, 58 are covered fifty percent 
(50%). However, sensors 56, 58 and their associated 



circuitry can be biased to produce a different predeter- 
mined voltage value when sensors 56, 58 are covered 
fifty percent (50%) and a corresponding predetermined 
voltage ranges when a greater or lesser area of sensors 

5 56, 58 is covered. Additionally, it will be understood by 
those of ordinary skill in the art that sensors 56, 58 and 
their associated circuitry can be biased to produce zero 
(0) volts when sensors 56, 58 are covered any predeter- 
mined amount. Moreover, although the wheels 34, 36 

10 are referred to as friction wheels throughout the specifi- 
cation, it will be understood by those skilled in the perti- 
nent art that the wheels 34, 36 can be either friction, 
embossed, grit, grid or any other type of a wheel that 
engages the strip material. 

15 [0030] Although FIGS. 3-6 show one friction wheel 
associated with each longitudinal edge of the strip 
material, a lesser or greater number of friction wheels 
driving the strip material can be used. Referring to FIG. 
8, for wide strip material 212 used with larger printers, 

20 plotters and/or cutters, in the preferred mode of the 
present invention, a third friction wheel 86 is used to 
drive the middle portion of the strip material 212. The 
third friction wheel 86 is coupled to the first friction 
wheel 34. The force of the pinch roller 30, shown in FIG. 

25 1 , corresponding to the third friction wheel 86, is lower 
to avoid interference with the lateral steering of the strip 
material 212. However, the third friction wheel 86 is acti- 
vated to reduce longitudinal positional error of the strip 
material 212. Although the present invention is 

30 described to correct both the lateral and longitudinal 
errors, the drive apparatus 10 can be configured to cor- 
rect either lateral or longitudinal error separately. 

Claims 

35 

1. A friction drive apparatus(10)for feeding a strip 
material(12)in a longitudinal direction along a feed 
path(24) for printing, plotting, or cutting, said strip 
material(12)having a first longitudinal edge(20)and 

40 a second longitudinal edge(22), said friction drive 
apparatus(18)characterized by: 

a first friction wheel(34)associated with said 
first longitudinal edge (20), of said strip mate- 
45 rial(12); 

a second friction wheel(36)associated with 
said second longitudinal edge(22)of said strip 
material(12); 

a first motor drive(40)for rotating said first fric- 

50 tion wheel(34); 

a second motor drive(42)for rotating said sec- 
ond friction wheel(36); and 
a motion processor(54)for controlling said first 
motor drive(40)and said second motor 

55 drive(42)independently. 

2. The friction drive apparatus(1 0) according to claim 1 
further comprising sensor means for monitoring lat- 
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eral position of said strip material (12). 

3. The friction drive apparatus(1 0)according to claim 2 
wherein said sensor means is a sensor(58)dis- 
posed behind said first friction wheel(34)and said 
second friction wheel(36)with respect to direction of 
motion of said strip material (12) said sen- 
sor(58)generating a sensor signal being received 
by said motion processor (54). 

4. The friction drive apparatus (10)according to claim 
2 or 3 wherein said sensor means comprises a first 
sensor(158)and a second sensor (156)disposed in 
front of said first friction wheel(34)and said second 
friction wheel(36)with respect to direction of motion 
of said strip material(12), said first and second sen- 
sors generating sensor signals to determine lateral 
deviation of said strip material(12) at a steering 
point(82)disposed behind said first and second fric- 
tion wheels(34,36). 

5. The friction drive apparatus (1 0) according to claim 
2, 3 or 4 wherein said sensor means is positioned 
along said first longitudinal edge(20)of said strip 
material(12). 

6. The friction drive apparatus (10)according to any- 
one of claims 2 to 5 wherein said sensor means is 
positioned along an edge(78)of a stripe(80)dis- 
posed on the underside of said strip material(12). 

7. The friction drive apparatus (10) according to any- 
one of claims 2 to 6 wherein said sensor means 
generates a sensor signal proportional to an area of 
said sensor means being covered by said strip 
material(12). 

8. The friction drive apparatus (10) according to any- 
one of claims 2 to 7 wherein said motion processor 
(54)in response to a sensor signal received from 
said sensor means commands said first motor 
drive(40)and said second motor drive(42) to rotate 
said first friction wheel(34)and said second friction 
wheel(36), respectively, independently at different 
speeds to properly align and position said strip 
material (12). 

9. The friction drive apparatus(10)according to any- 
one of the foregoing claims further characterized 
by: 

a first pinch roller(90)cooperating with said first 
friction wheel 34 to engage said strip mate- 
rial^) and to move said strip mate- 
rial(12)along said feed path(24); and 
a second pinch roller(30) cooperating with said 
second friction wheel (36)to engage said strip 
material(12)and to move said strip mate- 
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rial(l2)along said feed path(24). 

10. The friction drive apparatus (10)according to any- 
one of the foregoing claims further characterized 

5 by: 

means for detecting an actual longitudinal posi- 
tion of said strip material(12), said means for 
detecting communicating with said motion 
10 processor (54). 

11. The 'friction drive apparatus(10)according to claim 
10 wherein said motion processor(54)compares a 
commanded longitudinal position and said actual 

75 longitudinal position of said strip material(12)to 
detect and correct longitudinal error. 

12. The friction drive apparatus (10)according to claim 
10 or 11 wherein said means for detecting(66)is a 

20 free running wheel. 

13. The friction drive apparatus(10)according to claim 
10 or 1 1 wherein said means for detecting(66)is an 
optical sensor. 

25 

14. The friction drive apparatus(10) according to any- 
one of the foregoing claims further characterized 
by: 

30 a first sensor(56)positioned along said first lon- 

gitudinal edge(20)of said strip material(i2)on 
one side of said first friction whee!(34); and 
a second sensor(58)positioned along said first 
longitudinal edge(20) of said strip mate- 
35 rial(12)on another side of said first friction 

wheel (34); 

said motion processor(54)driving said first and 
second motor drives (40,42) to cause said strip 
material(12)to move longitudinally along said 

40 feed path (24)in each direction, said motion 

processor(54) responding at any given time to 
one of said first and second sensors(56.58)dis- 
posed behind said first friction wheel (34) with 
respect to direction of motion of said strip 

45 material(12). 

15. The friction drive apparatus(10)according to any- 
one of the foregoing claims further characterized 
by: 

50 

a third friction wheel (86)coupled to said first 
friction wheel(34)to drive said strip mate- 
rial(12)in longitudinal direction. 

55 
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